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ABSTRACT 

Simula tors  a r e  used e x t e n s i v e l y  a t  t h e  NASA Research Centers  t o  i n v e s t i -  

g a t e  t h e  p i l o t i n g  problems o f  space veh ic l e s .  T h i s  paper p r e s e n t s  a 

d i s c u s s i o n  of t h e  miss ion  phases under s tudy and d , e sc r ibes  a number of 

s i m u l a t o r s  now i n  use  or planned f o r  these  s t u d i e s  a t  t h e  Langley Research 

Center  and a t  o t h e r  c e n t e r s .  These f a c i l i t i e s  w i l l  permit an examination 

of t he  problems of p i l o t  con t ro l  of e a r t h  e n t r y ,  rendezvous,  docking, l u n a r  

o r b i t  e s t ab l i shmen t ,  l una r  landing ,  lunar  t a k e o f f ,  and o t h e r  phases  o f  

space mis s ions .  

of human response c h a r a c t e r i s t i c s  i s  a l s o  p re sen ted .  

A b r i e f  review of Langley s i m u l a t i o n  s t u d i e s  i n  the  f i e l d  



INTRODUCTION 

Space miss ions  invo lve  p i l o t i n g  t a s k s  f o r  which very l i t t l e  p rev ious  

background of exper ience  has  been obtained and f o r  which t h e  o p p o r t u n i t i e s  

t o  make a c t u a l  manned experiments  i n  space a r e  s t i l l  very l i m i t e d .  For 

t h i s  reason  s i m u l a t o r s  a r e  employed ex tens ive ly  i n  the NASA Centers  t o  

i n v e s t i g a t e  t h e  p i l o t i n g  problems of space v e h i c l e s .  T h i s  paper d e s c r i b e s  

a number of such f a c i l i t i e s .  These f a c i l i t i e s  a r e  l o c a t e d  a t  the Langley 

Research Center  u n l e s s  another  l o c a t i o n  i s  mentioned. Figure 1 i n d i c a t e s  

some problems which have been i n v e s t i g a t e d  i n  space s imula t ion  and t h e  

reasons  for t hese  i n v e s t i g a t i o n s .  The most f r equen t  type o f  s t u d i e s  a r e  

mis s ion -d i r ec t ed  s t u d i e s  which a r e  in tended  t o  i n v e s t i g a t e  the  r o l e  of 

t h e  human p i l o t  i n  t h e s e  space missions.  Most of t h e  work t o  d a t e  has  been 
# 

* concerned with e a r t h  o r b i t a l  miss ions  or l u n a r  miss ions .  Some of t h e  

problems involved i n  t h e s e  miss ions  a r e  l i s t e d  i n  t h e  f i g u r e .  The f i rs t  

problem, l a c k  of aerodynamic s t a b i l i t y  or  damping, i n t r o d u c e s  t h e  need for 

i n v e s t i g a t i o n  of automat ic  s t a b i l i z a t i o n  systems and the a b i l i t y  of t h e  

p i l o t  t o  c o n t r o l  t h e  v e h i c l e  i n  t h e  event of f a i l u r e  of t h e s e  systems.  

Unusual v i s u a l  problems a r e  encountered such a s ,  f o r  example, t h e  requirement  

f o r  t h e  a s t r o n a u t  t o  d e t e c t  very small  angular  motions of  t h e  l i n e  of s i g h t  

t o  a v e h i c l e  dur ing  t h e  rendezvous maneuver. Vehicle  c o n t r o l  i s  complicated 

by widely vary ing  g f i e l d s  ranging from z e r o  g i n  space and one-s ix th  

g on t h e  luna r  s u r f a c e  up t o  a c c e l e r a t i o n s  approaching t h e  l i m i t  of human 

t o l e r a n c e  du r ing  r e e n t r y .  I n  almost a l l  space miss ions  t h e  c o n t r o l  e f f e c t i v e -  

n e s s  and t o t a l  impulse a r e  s e r i o u s l y  l imi t ed  because of weight cons ide ra t ions .  
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New d i s p l a y  and c o n t r o l  techniques  have been proposed f o r  the  c r i t i c a l  

phases  of t h e  space mission such as midcourse guidance and l u n a r  l and ing .  

These techniques  r e q u i r e  e v a l u a t i o n .  I n  a d d i t i o n  t o  these  miss ion-d i rec ted  

s t u d i e s ,  bas i c  s t u d i e s  have been conducted of human response c h a r a c t e r i s t i c s .  

These s t u d i e s  a r e  in tended  t o  develop methods of p r e d i c t i n g  t h e  a b i l i t y  of 

t h e  human p i l o t  t o  c o n t r o l  v e h i c l e s  o f  v a r i o u s  types .  Also,  b a s i c  s t u d i e s  

have been made on t h e  e f f e c t  of approach t o  human t o l e r a n c e  l i m i t s  of  such  

f a c t o r s  as a c c e l e r a t i o n ,  angular  motion, and f a t i g u e  and confinement on 

long  d u r a t i o n  mis s ions .  

ORBITAL MISSION STUDIES 

The e a r l i e s t  i n t e r e s t  i n  space mis s ions  w a s  concerned w i t h  o r b i t a l  

f l i g h t s  e i t h e r  of a capsu le  t y p e  v e h i c l e  such as  t h e  Mercury, o r  of a more 

c o n t r o l l a b l e  v e h i c l e  such  as  t h e  Dyna-Soar. Inasmuch as most of t h e s e  

i n v e s t i g a t i o n s  involve  problems common t o  a l l  space  mis s ions ,  a rev iew of 

t h i s  s imula t ion  e f f o r t  w i l l  be p re sen ted .  References  1 t o  7 d e s c r i b e  some 

of t h e s e  s t u d i e s .  

Ear ly  s t u d i e s  of t h e  o r b i t a l  miss ion ,  which commenced around 1958, 

were performed on f ixed-base s i m u l a t o r s  such  a s  t h e  r e e n t r y  s imula to r  shown 

i n  f i g u r e  2. S imula to r s  such a s  t h i s  p r e s e n t e d  t h e  p i l o t  w i t h  an  ins t rument  

d i s p l a y  conta in ing  informat ion  on v e h i c l e  a t t i t u d e ,  r a t e s ,  a l t i t u d e ,  

a c c e l e r a t i o n ,  e t c .  I n  a d d i t i o n ,  p l o t t i n g  boards  were used t o  g ive  the  

p i l o t  t he  n a v i g a t i o n a l  in format ion  r e q u i r e d  t o  guide  h i s  v e h i c l e  t o  a 

b 

d e s i r e d  landing s p o t .  A f ixed-base  s i m u l a t o r  proved adequate  f o r  t he  r e e n t r y  

guidance s t u d i e s  of t h i s  t ype  because t h e  t ime involved  du r ing  t h e  r e e n t r y  b 
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( t e n  t o  fifteen minutes) i s  l m g  enmgh t~ give  t h e  p i l o t  adeqiiate oppor- 

t u n i t y  f o r  i n t e r p r e t a t i o n  of d i s p l a y s  and a p p l i c a t i o n  of c o n t r o l s .  

Another problem of o r b i t a l  r e e n t r y ,  p a r t i c u l a r l y  f o r  capsule  type  

v e h i c l e s ,  i s  t h e  a b i l i t y  of t h e  p i l o t  t o  main ta in  c o n t r o l  of s h o r t  pe r iod  

motions of h i s  c r a f t  i n  s p i t e  of l a c k  of aerodynamic damping, r a p i d l y  

changing o s c i l l a t i o n  p e r i o d ,  and l a r g e  d e c e l e r a t i o n s  approaching the  l i m i t s  

of human t o l e r a n c e .  These problems were s t u d i e d  us ing  t h e  c e n t r i f u g e  f a c i l i t y  

of t h e  Naval Avia t ion  Medical Center a t  J o h n s v i l l e ,  Pennsylvania .  Some 

r e s u l t s  of t h e s e  s t u d i e s  a r e  g iven  i n  r e f e r e n c e s  8 t o  12.  F igure  3 i l l u s -  

t r a t e s  t h e  method by which t h i s  f a c i l i t y  was used a s  a s i m u l a t o r .  T e s t s  

performed i n  t h i s  f a c i l i t y  provided t h e  f i r s t  exper ience  i n  o p e r a t i n g  a l a r g e  

se rvo-con t ro l l ed  motion s imula to r  i n  a closed-loop manner i n  con junc t ion  

w i t h  an ana log  computer. When t h e  p i l o t  operated t h e  c o n t r o l s  of h i s  v e h i c l e  

t h e  r e s u l t i n g  a c c e l e r a t i o n s  provided b y  t h e  c e n t r i f u g e  c l o s e l y  d u p l i c a t e d  

t h e  l i n e a r  a c c e l e r a t i o n s  imposed on the  p i l o t ,  though the  angu la r  motions of 

t h e  cab were somewhat i n  e r r o r .  T e s t s  performed i n  t h i s  f a c i l i t y  inc luded  

t h e  a b i l i t y  of the  p i l o t  t o  c o n t r o l  during t h e  launch phase,  c o n t r o l  of 

r e e n t r y  w i t h  t h e  p i l o t  i n  va r ious  p o s i t i o n s  w i t h  r e s p e c t  t o  t h e  g f i e l d ,  

and fundamental  s t u d i e s  of t h e  e f f e c t  o f  a c c e l e r a t i o n  l e v e l  on t h e  a b i l i t y  

of t h e  p i l o t  t o  ma in ta in  c o n t r o l  of h i s  v e h i c l e .  These t e s t s  i n d i c a t e d  t h a t  

wi th  proper  r e s t r a i n t  systems t h e  p i l o t  could r e t a i n  f u l l  a b i l i t y  t o  c o n t r o l  

h i s  v e h i c l e  up t o  and beyond t h e  va lue  of 8g which i s  encountered  i n  t h e  

r e e n t r y  of  t h e  b a l l i s t i c  v e h i c l e s  such  a s  the  Mercury a t  smal l  e n t r y  a n g l e s .  

These t e s t s ,  t h e r e f o r e ,  gave cons iderable  confidence i n  t h e  use of  b a l l i s t i c  
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type v e h i c l e s  such as t h e  Mercury capsule  f o r  e a r l y  o r b i t a l  miss ions .  S i n c e  

these  e a r l y  r e s e a r c h  i n v e s t i g a t i o n s ,  the  c e n t r i f u g e  s imula t ion  has  been used 

ex tens ive ly  f o r  a s t r o n a u t  i n d o c t r i n a t i o n ,  s e l e c t i o n ,  and t r a i n i n g .  

4 

STUDIES RELATED TO LUNAR MISSIONS 

I n t e r e s t  i n  l una r  miss ions  has  led  t o  an examinat ion of v a r i o u s  phases  

of t h e  mission t o  determine which phases  could be s t u d i e d  on s i m u l a t o r s .  

Most of the remainder of t h i s  paper  is concerned wi th  s imula t ion  s t u d i e s  

r e l a t e d  t o  l u n a r  miss ions .  

Rendezvous 

I t  has been shown p rev ious ly  t h a t  rendezvous techniques  have many 
Q 

a p p l i c a t i o n s  i n  luna r  miss ions  a s  wel l  as i n  many more advanced mis s ions .  

References 13 t o  18 a r e  accounts  of s imula to r  s t u d i e s  concerned wi th  rendez-  

vous. 

systems with l i t t l e  chance of completion of  t h e  miss ion  if  any of t h e s e  

systems should f a i l .  If t h e  a b i l i t y  of t h e  human p i l o t  t o  perform rendez- 

vous could be adequate ly  demonstrated,  t h e  i n h e r e n t  r e l i a b i l i t y  of human 

c o n t r o l  would g r e a t l y  i n c r e a s e  t h e  a t t r a c t i v e n e s s  of  t h i s  method f o r  

conducting space  miss ions .  Figure 4 s!iows a s imula to r  which has  been used 

t o  i n v e s t i g a t e  t h e  a b i l i t y  of t he  human p i l o t  t o  c o n t r o l  t h e  t e rmina l  phase 

of rendezvous,  t h a t  i s ,  from a range of about 50 m i l e s  t o  a range  of l e s s  

than h a l f  a m i l e .  

t he  in s ide  of an i n f l a t a b l e  p lane tar ium adapted from a Dew Line radome. 

The t a r g e t  v e h i c l e  was r ep resen ted  by a f l a s h i n g  l i g h t ,  t h e  p o s i t i o n  of 

6 

Rendezvous by au tomat ic  means i n v o l v e s  r e l i a n c e  on complex au tomat ic  

I n  t h i s  s imula t ion  a s t a r  background was p r o j e c t e d  on 
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which was c o n t r o l l e d  by a servodr iven  mir ror  i n  response  t o  s i g n a l s  from 

t h e  analog computer. I n  a d d i t i o n ,  the  p i l o t  was provided w i t h  an ins t rument  

d i s p l a y  t o  s imula t e  d a t a  which might be ob ta ined  from onboard r ada r  and 

from h i s  own a t t i t u d e  r e f e r e n c e s .  The r e s u l t s  of t h e s e  t e s t s  may be sum- 

marized b r i e f l y  as fo l lows:  Here again t h e  long t imes  involved  i n  a t y p i c a l  

rendezvous miss ion  gave t h e  p i l o t  adequate time t o  make t h e  necessary  

d e c i s i o n s  and perform t a s k s  involved i n  c o n t r o l l i n g  h i s  v e h i c l e .  Af t e r  

a c q u i r i n g  t h e  t a r g e t  by observ ing  t h e f l a s h i n g  l i g h t  t h e  p i l o t  no ted  i t s  

motion wi th  r e s p e c t  t o  a s t a r  background. He w a s  ab l e  t o  v i s u a l i z e  t h e  

s i t u a t i o n  c a p i d l y  and apply t h r u s t  i n  the  d e s i r e d  d i r e c t i o n  t o  cause t h e  t a r g e t  

t o  appear t o  come t o  r e s t  wi th  r e s p e c t  t o  a s t a r  background. I n  t h i s  

c o n d i t i o n ,  t hen ,  t h e  t a r g e t  veh ic l e  i s  approaching on a cons t an t  bear ing  cour se .  

A f t e r  es tab l i shment  of t h i s  cons t an t  bear ing course t h e  p i l o t  performed a 

brak ing  maneuver i n  accordance with a schedule  of range r a t e  a s  a f u n c t i o n  

of range,  a t  t h e  same t ime making necessary angular  c o r r e c t i o n s  t o  main ta in  

t h e  cons t an t  bear ing  course .  T h i s  technique proved t o  be easy t o  l e a r n  and 

t h e  f u e l  r e q u i r e d  f o r  manual controL was c lose  t o  t h e  minimum t h e o r e t i c a l l y  

r equ i r ed .  L a t e r  s t u d i e s  involved degrading t h e  r a d a r  by s imula t ion  of r a d a r  

n o i s e ,  t h e  use  o f  very low t h r u s t  f o r  performing t h e  rendezvous maneuvers, 

and, f i n a l l y ,  t h e  e l i m i n a t i o n  of t h e  range and range r a t e  s i g n a l .  Even i n  

t h e  l a t t e r  ca se ,  t h e  p i l o t  w i th  t h e  a id  of o p t i c a l  s i g h t i n g  dev ices  w a s  

a b l e  t o  u t i l i z e  a technique t o  determine t h e  range by t iming ,  t h e  apparent  

angu la r  motions of  t h e  t a r g e t  dur ing  t h r u s t i n g  p e r i o d s .  
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Docking Simula tor  
4 

A f a c i l i t y  t h a t  has  been used t o  de te rmine  t h e  f e a s i b i l i t y  of  manually 

c o n t r o l l e d  o r b i t a l  assembly and docking o p e r a t i o n s  i s  shown on f i g u r e  5. 

I n  t h i s  s imula tor  two c i r c u l a r  l i g h t  s p o t s  a r e  p ro jec t ed  t o  r e p r e s e n t  two 

c l o s e  o b j e c t s  i n  space  a s  seen by a p i l o t  i n  a t h i r d ,  nearby ,  v e h i c l e .  The 

images grow i n  s i z e  and move i n  r e l a t i o n  t o  t h e  p i l o t  according t o  c o n t r o l  

i n p u t s  t o  t h e  p i l o t ' s  s p a c e c r a f t  and t o  one of t h e  p r o j e c t e d  images. An 

analog computer i s  employed t o  so lve  t h e  e q u a t i o n s  of r e l a t i v e  motion i n  

t r a n s l a t i o n  of t h e  two p r o j e c t e d  images and t h e  p i l o t ' s  s p a c e c r a f t .  T h i s  

s imula t ion  t h u s  p rov ides  f o r  t h e  s t u d y  of the  assembly of  two o b j e c t s  such  a s  

f u e l  tanks  i n  space from a s p a c e c r a f t  a s h o r t  d i s t a n c e  away, or of t h e  a b i l i t y  

of a p i l o t  t o  dock h i s  own s p a c e c r a f t  w i t h  ano the r  v e h i c l e .  
* 

The t a s k  of docking t h e  two t anks  g e n e r a l l y  was accomplished a s  fo l lows :  a 

The p i l o t  f i r s t  maneuvered t h e  capsule  u n t i l  t h e  u n c o n t r o l l e d  tank was 

d i r e c t l y  i n  f r o n t  of him.  He then  maneuvered t h e  c o n t r o l l e d  tank toward t h e  

uncont ro l led  t a n k .  To dock t h e  t a n k s  p r o p e r l y  t h e  p i l o t  was r e q u i r e d  t o  

maneuver the  t anks  u n t i l  they  appzared t o  be of equal  s i z e ,  and then  t o  

make t h e  l i g h t  s p o t s  t angen t .  

I n i t i a l  r e s u l t s  i n d i c a t e  t h a t  w i t h  a l i t t l e  p r a c t i c e  i n  f l y i n g  t h e  

s imula to r  a docking maneuver can be accomplished e n t i r e l y  v i s u a l l y  i n  about 

f o u r  t o  e igh t  minutes  wi th  con tac t  v e l o c i t i e s  of l e s s  t han  0 . 5  f p s  between 

unmanned tanks  of about t e n  f e e t  d i ame te r .  These v a l u e s  were obta ined  w i t h  

t h e  t anks  a t  a range  of 100 t o  130 f e e t  from t h e  manned v e h i c l e  a t  the  

completion of docking .  Simple on-off a c c e l e r a t i o n  c o n t r o l s  were employed 

with a l e v e l  of about 0.02 e a r t h  ''g" o r  0 .65  f e e t  pe r  second . 2 

8 
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I n  studying r lnrking n f  the  mz.n.r?ed czpst;Ic^ with ~ i i e  tank, tile same 

s imula to r  with only one l i g h t  spot  was used. I n  t h i s  case  a t a r g e t ,  

r e p r e s e n t i n g  a grappl ing  bracke t  i n  the  capsule ,  was p a i n t e d  on t h e  sc reen .  

The p i l o t ’ s  t a s k  was t o  b r i n g  t h e  l i g h t  spo t  i n t o  t h e  t a r g e t  and make an 

approach s o  t h a t  t he  l i g h t  spo t  f i l l e d  t h e  t a r g e t .  I n  t h i s  ca se  t h e  l i g h t  

spo t  r ep resen ted  t h e  mating p o r t i o n  of t he  grappl ing  mechanism. Resu l t s  

ob ta ined  t h u s  f a r  show tha t  the  p i l o t s  gene ra l ly  docked wi th  contac t  v e l o c i t i e s  

of l e s s  than  0 . 1  f e e t  p e r  second when cont ro l  a c c e l e r a t i o n s  from 0.1 t o  1 .0  

f e e t  pe r  second2 were used.  

Gemini Visua l  Docking Simulator  

Another f a c i l i t y  t h a t  i s  now ope ra t iona l  i s  the Gemini Visual  Docking 
? 

Simula tor  ( f i g u r e  6). 

c o n t r o l l e d  docking of t h e  Gemini w i t h  t a r g e t  v e h i c l e s .  A c losed  c i r c u i t  

T h i s  equipment i s  t o  be used t o  s imula te  t h e  manually 
b 

t e l e v i s i o n  system and an analog computer a r e  employed. I n  t h i s  system a 

smal l  s c a l e  model of t h e  t a r g e t  v e h i c l e  having t h r e e  degrees  of freedom 

i s  mounted i n  f r o n t  of a t e l e v i s i o n  camera. The model t r a n s l a t e s  a long 

t h e  camera axis and r o t a t e s  i n  response t o  t h e  p i l o t ’ s  c o n t r o l  i n p u t s  and 

t h e  ana log  computer. The image of t h e  t a r g e t  i s  t r a n s m i t t e d  by the  TV system 

t o  a two-axis mi r ro r  above the  Gemini p i l o t ’ s  head and i s  p r o j e c t e d  on t h e  

i n s i d e  su r face  of a 20-foot-diameter s p h e r i c a l  s c reen .  Through the  added 

a c t i o n  of t h i s  mi r ro r  system, a l l  s ix  degrees  of freedom a r e  s imula ted .  The 

p i l o t  and crewman a r e  s e a t e d  i n  a f u l l - s c a l e  wooden mockup of t h e  Gemini 

I v e h i c l e .  A moving star f i e l d  respons ive  t o  t h e  Gemini v e h i c l e ’ s  angular  

r a t e s  g i v e s  an impression of angular  motion. a 
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The docking s imula t ion  i s  i n i t i a t e d  w i t h  t h e  t a r g e t  about 1000 f e e t  

from the  Gemini and con t inues  u n t i l  t h e o r e t i c a l  c o n t a c t .  T h i s  equipment 

i s  be ing  used t o  s tudy  t h e  e f f e c t  of c o n t r o l  m0d.e (on-off or p r o p o r t i o n a l  

c o n t r o l s ) ,  t h r u s t  l e v e l s ,  system f a i l u r e s ,  and l i g h t i n g  cond i t ions  on t h e  

a b i l i t y  of t he  p i l o t  t o  perform t h e  Gemini docking ope ra t ion .  

6 

Many o t h e r  s imula to r  s t u d i e s  p e r t a i n i n g  t o  l u n a r  mis s ions  have been 

completed ( r e f e r e n c e s  1 9  and 20, f o r  example) o r  a r e  i n  p r o g r e s s .  Gene ra l ly  

speaking, t h e s e  s t u d i e s  involve  t h e  use of f ixed -base  s i m u l a t o r s ,  and 

a l though the  r e s u l t s  a r e  of importance,  a d e t a i l e d  d e s c r i p t i o n  of t h e  

f a c i l i t i e s  is not  f e l t  t o  be of i n t e r e s t  f o r  t h e  purposes  of  t h i s  meeting. 

PLANNED SI MULATORS 4 

Various s i m u l a t i o n  f a c i l i t i e s  t o  provide  more r e a l i s m  and c l o s e r  4 

d u p l i c a t i o n  of expected cond i t ions  f o r  v a r i o u s  phases  of l u n a r  mis s ions  

a r e  now in  t h e  p lanning  or e a r l y  c o n s t r u c t i o n  s t a g e s .  These f a c i l i t i e s  

a r e  desc r ibed  i n  t h i s  s e c t i o n .  

Docking F a c i l i t y  

As a f u r t h e r  means of s tudying  t h e  rendezvous docking problem, t h e r e  

i s  under c o n s t r u c t i o n  a docking f a c i l i t y ,  a model of which is shown i n  f i g u r e  

7 .  T h i s  f a c i l i t y  employs a mockup of a f u l l - s c a l e  s p a c e c r a f t  cockpi t  mounted. 

i n  gimbals. 

an overhead c rane .  The angu la r  and l i n e a r  motions a r e  d r i v e n  by s e r v o  sys tems 

through an analog computer. A mockup of  t h e  t a r g e t  v e h i c l e  i s  suspended 

near  t h e  end of  t h e  t r a c k .  T h i s  f a c i l i t y  e n a b l e s  s i m u l a t i o n  af t h e  docking 

T h i s  e n t i r e  assembly i s  suppor t ed  by a c a b l e  system a t t a c h e d  t o  
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o p e r a t i o n  from a d i s t a n c e  of 200 f e e t  t o  a c t u a l  c o n t a c t .  

moves t h e  s p a c e c r a f t  i n  response t o  con t ro l  s i g n a l s  from the  p i l o t  i n  

accordance wi th  t h e  d i f f e r e n t i a l  equat ions  so lved  by t h e  analog computer. 

S i x  d e g r e e s  of freedom a r e  s imula t ed  i n  t h i s  f a c i l i t y .  I t  w i l l  be used 

t o  s tudy  p i l o t i n g  t echn iques  i n  docking and i n  c o n t r o l l i n g  a s p a c e c r a f t  

when hover ing ,  dur ing  t h e  abor t  of a landing  and du r ing  t a k e - o f f .  A t  t h e  

t ime of w r i t i n g ,  t h i s  s imula tor  i s  i n  the  f i n a l  phases of c o n s t r u c t i o n .  

The servc? sys t em 

Mid-Course Navigation 

S t u d i e s  of p i l o t  a b i l i t y  t o  ob ta in  b a s i c  o p t i c a l  measurements f o r  

guidance and nav iga t ion  a r e  t o  be made on a s imula to r  a t  t he  Ames Research 

Center  d e p i c t e d  i n  f i g u r e  8. The s imula tor  c o n s i s t s  of a crew compartment 

mounted on an a i r  b e a r i n g  which permi ts  freedom of motion of 20 degrees  i n  

p i t c h  and roll, and 360 degrees  i n  yaw. P r o v i s i o n s  a r e  made f o r  a t h r e e -  

man crew and a l l  t h e  d i s p l a y s ,  c o n t r o l s ,  e t c . ,  r equ i r ed  f o r  the  s i m a l a t i o n .  

An on-off co ld  gas  system and a p r e c i s i o n  mechanical d r i v e  a r e  a v a i l a b l e  

a s  a l t e r n a t e  means f o r  on-board c o n t r o l  of t h e  v e h i c l e  a t t i t u d e .  P rov i s ion  

w i l l  be made f o r  v a r i o u s  types  of o p t i c a l  s e n s o r s  which w i l l  be used du r ing  

t h e  i n v e s t i g a t i o n  of  va r ious  nav iga t ion  systems. The o u t p u t s  of t h e s e  

s e n s o r s  a r e  processed  by a d i g i t a l  computer which computes t h e  equa t ions  of 

t h e  t r a j e c t o r y  and causes  t h e  d i sp layed  o b j e c t s  t o  s imula t e  t h e  motion of 

t h e  n a v i g a t i o n a l  bodies .  

An e x t e r n a l  v i s u a l  scene i s  shown l i m i t e d  t o  about a 25 degree  p o r t i o n  

of t h e  sky w i t h  about 100 f i x e d  s t a r s .  A model i s  used t o  r ep resen t  t h e  
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moon. Other models or  p r o j e c t i o n  systems w i l l  be used t o  r e p r e s e n t  t h e  

sun and p l a n e t s  a s  r e q u i r e d .  

Visua l  Lunar Let-Down Simula tor  

The guidance and c o n t r o l  systems f o r  t a s k s  t o  be accomplished i n  a 

s p a c e c r a f t  i n  t h e  v i c i n i t y  of t h e  moon should be a s  simple and r e l i a b l e  

a s  p o s s i b l e .  T h e r e f o r e  t h e  de te rmina t ion  of t he  optimum d i v i s i o n  of d u t i e s  

between the man and t h e  automatic  s y s t e m  i s  impor tan t .  Simulator  i n v e s t i g a -  

t i o n s  can a s s e s s  t h e  man-machine c a p a b i l i t y .  However, s i m u l a t i o n  of v i s u a l  

environment as w e l l  a s  s p a c e c r a f t  dynamics i s  necessary .  

The lunar  let-down s imula tor  shown i n  f i g u r e  9 i s  being cons t ruc ted  a t  

Langley t o  provide t h e  proper  v i s u a l  environment i n  t h e  v i c i n i t y  o f  t h e  

moon. The p i l o t  w i l l  be given a s e t  of i n i t i a l  c o n d i t i o n s  a t  200 m i l e s  

a l t i t u d e  f o r  a l u n a r  approach. H e  w i l l  be r e q u i r e d  t o  e s t a b l i s h  a n  o r b i t ,  

determine t h e  o r b i t  c h a r a c t e r i s t i c s ,  perform d e s c e n t s  t o  200 f e e t  a l t i t u d e ,  

and hover over a given landing p o i n t .  He w i l l  use  t h e  l u n a r  hor izon  and 

s u r f a c e  f e a t u r e s  i n  a number of ways t o  a i d  h i m  i n  performing these t a s k s .  

The s imula tor  c o n s i s t s  of  a p i l o t ' s  c a p s u l e ,  a c l o s e d - c i r c u i t  TV complex, 

computer-driven cameras, and models of t h e  l u n a r  s u r f a c e .  There a r e  f o u r  

models of d i f f e r e n t  s c a l e  which permit  a l t i t u d e  coverage from 200 m i l e s  t o  

200 f e e t  above t h e  l u n a r  s u r f a c e .  The models i n c l u d e  a 20-foot-diameter 

sphere and t h r e e  s p h e r i c a l  segments. The f o u r  mod.els w i l l  be a r ranged  s o  

t h a t  only two t r a n s p o r t  mechanisms and two c l o s e d - c i r c u i t  TV camera groups 

w i l l  be needed t o  view t h e  f o u r  models. The camera groups w i l l  be  gimbaled 

and mounted on car r iage- type  t r a n s p o r t  mechanisms which g i v e  t h e  cameras 

b 
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s i x  degrees  of freedom. Each TI! cameril group will c m s i s t  fcur citT,eras 

mounted so t ha t  each looks  a t  a d i f f e r e n t  p o r t i o n  of t h e  model be ing  viewed. 
D 

The motion of t h i s  camera group over the model s u r f a c e  w i l l  s t i m u l a t e  t h e  

f l i g h t  of an a c t u a l  s p a c e c r a f t .  A process  of swi tch ing  between camera 

groups w i l l  be used t o  view t h e  models concur ren t ly ,  t h u s  g iv ing  t h e  p i l o t  

a cont inuous  view of t h e  l u n a r  t e r r a i n  a s  he descends.  The capsule  mock-up 

shown i n  f i g u r e  10 i s  one of t h e  proposed methods f o r  p r e s e n t i n g  t h e  v i s u a l  

i n fo rma t ion .  A capsule  wi th  f o u r  p o r t h o l e s  s t r a t e g i c a l l y  l o c a t e d  i s  p r e s e n t l y  

env i s ioned .  The view from each po r tho le  w i l l  correspond t o  t h e  image from 

one of  t h e  f o u r  cameras i n  t h e  TV camera group. 

The capsu le  mock-up w i l l  i nc lude  c o n t r o l s  so  t h a t  the  p i l o t  w i l l  

9 e s s e n t i a l l y  be a b l e  t o  " f l y "  t h e  camera groups,  i n  s ix  d e g r e e s  of freedom, 

through a computer which f u r n i s h e s  t h e  dynamics and k inemat ics  of t he  

problem. 

Langley Lunar Landing Research F a c i l i t y  

A r e s e a r c h  f a c i l i t y ,  d.esigned t o  study the  problem of a human p i l o t  

c o n t r o l l i n g  t h e  f i n a l  phase of a l u n a r  l and ing ,  is  p r e s e n t l y  under cons t ruc-  

t i o n  a t  Langley. The completion d a t e  of t h i s  f a c i l i t y  w i l l  be l a t e  1963. 

To g ive  a r e a l i s t i c  s imula t ion  of t h e  l u n a r  a c c e l e r a t i o n  f i e l d ,  t h e  

f a c i l i t y  w i l l  be b u i l t  a s  i n d i c a t e d  i n  f i g u r e  11. It i s  an overhead-crane 

s t r u c t u r e  about 250 f e e t  t a l l  and 400 f e e t  long. The c rane  system i s  t o  

suppor t  5/6 of t h e  v e h i c l e ' s  weight through se rvodr iven  v e r t i c a l  c a b l e s .  

The remaining 1/6 of t h e  v e h i c l e  weight p u l l s  t h e  v e h i c l e  downward, s i m u l a t i n g  

t h e  l u n a r  g r a v i t a t i o n a l  f o r c e .  During r e s e a r c h  f l i g h t s  t h e  overhead-crane 

8 

* 
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system i s  s l a v e d  t o  keep t h e  cab le  nea r  v e r t i c a l  a t  a l l  t imes .  A gimbal 

system on t h e  v e h i c l e  w i l l  permit  t h e  angular  freedom needed f o r  p i t c h ,  r o l l ,  

and yaw. 

The f a c i l i t y  w i l l  be capable  of t e s t i n g  v e h i c l e s  up t o  20,000 pounds 

i n  w i g h t .  The p i l o t  w i l l  have complete s i x  degrees  of freedom i n  a volume 

of 400 f e e t  i n  l eng th ,  165 f e e t  i n  h e i g h t ,  and 50 f e e t  i n  wid th .  A c a t a p u l t  

s y s t e m  i n  the  f i r s t  100 f e e t  of t h e  s t r u c t u r e  l e n g t h  w i l l  pe rmi t  i n i t i a l  

t e s t  v e l o c i t i e s  of up t o  50 f e e t  p e r  second h o r i z o n t a l l y  and 30 f e e t  per  

second v e r t i c a l l y  . 
A r e sea rch  v e h i c l e  i s  be ing  cons t ruc t ed  a l m g  with t h e  f a c i l i t y .  I t  

i s  t o  be provided w i t h  a l a r g e  degree of  f l e x i b i l i t y  i n  cockp i t  p o s i t i o n s ,  

i n s t rumen ta t ion ,  and c o n t r o l  parameters  t o  s tudy  landing  problems. The 

v e h i c l e  w i l l  have main engines  of 6000 pounds t h r u s t  c a p a b i l i t y ,  t h r o t t l e a b l e  

down t o  600 pounds, and a t t i t u d e  j e t s .  
& 

Although t h e  f irst  t a s k  f o r  t h i s  complete f a c i l i t y  w i l l  be t h e  luna r  

landing  phase,  t h e  des ign  i s  such a s  t o  permi t  s t u d i e s  of l a rge - sca l e  

rendezvous docking,  and assembly t a s k s .  

HUMAN RESPONSE CHARACTERISTICS 

The c o n t r o l  system i n  a manned v e h i c l e  g e n e r a l l y  i s  made up of  

numerous mechanical and. e l e c t r o n i c  components and a p i l o t .  The charac-  

t e r i s t i c s  of  mecnani.ca1 and e l e c t r i c a l  components may be r ep laced  by mathe- 

ma t i ca l  equat ions  i n  t h e  s imula t ion .  The p i l o t  c h a r a c t e r i s t i c s  which a r e  

important  f o r  c o n t r o l  purposes  ( such  as f requency-response ,  response t o  

v i s u a l  and motion s t i m u l i i ,  e t c . )  a r e  n o t  wel l  known, t h e r e f o r e  the  p i l o t  
b 
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uao c" uc uacd iii the c ~ i i t r ~ :  srsteili iii tile s i r n u i a i i o n .  inis f a c t  p i a c e s  

c e r t a i n  l i m i t a t i o n s  on s t u d i e s  made w i t h  s i m u l a t o r s .  F o r  example, judgment 

of t h e  d i f f i c u l t y ,  or  q u a n t a t i v e  measurement of accomplishment i s  d i f f i c u l t  

i n  a t a s k  when t h e  primary judgment i s  based on p i l o t  op in ion .  

These c o n s i d e r a t i o n s  i n d i c a t e  t h e  d e s i r a b i l i t y  of a t tempt ing  t o  determine 

t h e  b a s i c  c o n t r o l  c h a r a c t e r i s t i c s  of a p i l o t .  Th i s  problem, of cour se ,  has  

been recognized  and s t u d i e d  over  a period of time ( s e e  r e f e r e n c e s  21-24, f o r  

example). 

but p r o g r e s s  h a s  been slow because of the  time r e q u i r e d  t o  e v a l u a t e  the  

c h a r a c t e r i s t i c s  of t h e  p i l o t .  A s tudy  i s  c u r r e n t l y  i n  p rogres s  a t  t he  

Langley Research Center of a procedure f o r  de te rmining  t h e  p i l o t  t r a n s f e r  

f u n c t i o n  d u r i n g  t h e  course of a t e s t .  A block diagram of t h e  s i t u a t i o n  i s  

shown i n  f i g u r e  1 2 .  The p i l o t  i s  p resen ted  w i t h  a s i n g l e  degree  of  freedom 

t r a c k i n g  t a s k  d i sp layed  on an o s c i l l o s c o p e ,  and h i s  c o n t r o l  i s  a s t i c k  which 

produces a c o n t r o l  s i g n a l  p r o p o r t i o n a l  t o  s t i c k  d e f l e c t i o n .  The c o n t r o l  l oop  

is  completed by i n s e r t i n g  c o n t r o l l e d  systems of d i f f e r e n t  o rde r  dynamics 

between t h e  s t i c k  output  and t h e  d i s p l a y .  The analog p i l o t  ou tput  i s  made 

t o  match, a s  c l o s e l y  a s  p o s s i b l e ,  t h e  p i l o t ' s  s t i c k  output  by au tomat i ca l ly  

a d j u s t i n g  t h r e e  v a r i a b l e  g a i n s  i n  the analog p i l o t .  The r e s u l t s  of t h e  

t e s t s  a r e  s e t s  of ga ins  t h a t  vary f o r  each of the d i f f e r e n t  s imula ted  dynamics, 

w i th  l e s s e r  v a r i a t i o n s  from p i l o t  t o  p i l o t ,  o r  f o r  t h e  same p i l o t  on d i f -  

f e r e n t  days .  

I t  is hoped t h a t  f u r t h e r  t e s t i n g  w i l l  l e a d  t o  an unders tanding  t h a t  

i s  adequate  t o  a l low t h e s e  measurements t o  be used i n  e v a l u a t i n g  system 

Work i n  t h i s  a r e a  i s  be ing  continued &t v a r i o u s  l a b o r a t o r i e s ,  

These r e s u l t s  a r e  given i n  r e f e r e n c e  25. 
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des ign  concepts ,  and perhaps ,  t o  a l low t h e  use  of t h e  analog p i l o t  a s  a 

s u b s t i t u t e  f o r  t he  p i l o t  i n  des ign  s t u d i e s .  

Concluding Remarks 

A review of  t h e  space s imula t ion  f a c i l i t i e s  a t  t h e  Langley Research 

Center  has  been p resen ted  t o  show the  range of problems i n v e s t i g a t e d  and 

the  new s imula to r s  be ing  prepared  f o r  f u t u r e  s t u d i e s .  The work accomplished 

on t h e s e  f a c i l i t i e s  h a s  shown t h e  importance of simple f ixed-base  s i m u l a t o r s ,  

ope ra t ing  i n  conjunct ion  with gene ra l  purpose analog computers,  i n  ob ta in ing  

b a s i c  in format ion  f o r  t h e  p lanning  of  manned space mis s ions .  D e t a i l e d  

s t u d i e s  of the v a r i o u s  phases  of  t h e s e  mis s ions  r e q u i r e  more complex equip- 

ment involv ing  motion cues and v i s u a l  d i s p l a y s .  These s i m u l a t o r s  w i l l  

con t r ibu te  t o  the  development of techniques  and equipment t o  a l low the  most 

e f f e c t i v e  combination of manual and au tomat ic  c o n t r o l  f o r  performing t h e  

miss ions .  

4 
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